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Endorso'ftent  from  Dr.  Ralph  Comior,  Chief,  Division  8  to  Dr.  Irvin  Stewart, 
Executive  Secretary  of  the  National  Defense  Research  Committee.  For- 
w.'ii'diiiB  report  .‘ind  noting: 

"One  of  the  first  problems  studied  at  the  Explosives  Research 
Laboratoiy  (in  Juno  1941)  v:as  that  of  finding  a  suitable  substitute 
for  the  bcesv/ax  used  by  the  British  in  their  RDX/l'Jax  Semi-plastic 
Explosive.  The  results  achieved  in  this  study  Up  to  February  1942 
arc  contained  in  two  earlier  repoi’ts,  OSRD-313  and  397.  By  that 
time,  the  specific  objective  of  finding  a  suitable  wax  or  waxes  to 
be  used  in  the  same  vray  the  British  used  beoswax  had  been  attained. 

Tho  present  report  deals  with  the  study  of  various  physical  proper¬ 
ties  of  Composition  A,  and  with  Wi>rk  on  a  number  of  problems  which 
arose  in  the  course  of  putting  this  material  into  production  and 
service  use. 

During  the  original  investigation  it  was  i-fja.liBed  that  a  good 
dcrtcnsitizor  for  UDX  should  probably  luive  physical  properties 
similar  to  those  of  beeswax  or  petroleum  waxes,  Kovrcver,  thc:  be¬ 
lief  was  held  that  thc  dcsensiti  sing  effectiveness  of  waxe.s  might 
be  highly  specific;  that  is,  some  waxes  might  be  good  desonsitizors, 
v.'hile  others  wlaicla  did  not  differ  froui  Wicni  in  any  major  way  might 
be  poor.  The  point  of  view  h»!ld  by  the  authors  of  tho  present 
I’oport  is  that  any  petrolouin  wax  having  a  hardness  Tfithin  a  fairly 
broad  range  will  be  an  effective:  dcsensitizer.  Consequently  tho 
choice  of  a  >»’ax  for  use  in  making  Coiiiposition  A  should  be  based  on 
considerations  of  supply,  melting  poisit,  exudation,  and,,  of  course,  . 
consistency.  It  still  rerwiins  tnie',  as  was  pointed  out  in  tlio 
first  report,  that  >nost  neutral  petroleum  wfocos  are  not  taken  up 
v;ell  by  RDX  from  r.  hot  water  slurry,  and  consccucntly  it  is  neces- 
UKry  to  add  to  thti  w;ac  some  material  having  polur  groups.  The 

first  material  I'cccTcaended  for  this  purpose,  Alox  600,  remains  a 
good  choice,  but  it  has  boon  found  that  1%,  vj'.ther  thfin  the  lOjS 
previously  suggested.  Is  adequate.  Cutting  domi  the  luaomit  of 
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Alox  Is  un  advantage y  as  It  helps  to  reduce  exudation  from  the 
CoajKjsition  A  during  hot  storage,  and  it  also  mokes  the  explo- 
olV’e  loss  likely  to  stick  to  tools  oiio  dies  when  it  is  pressed. 

Anyone  inter jsted  in  the  problem  of  v;ritj.ng  specifications 
V  \  '  for  wixej5  sliould  also  consiilt  OSRD-5bli3  v/hicii  deals  with  the 

'  problem  of  ovnluotiiig  waxes  for  u:a-.  as  deseiisitizers  in  vni'ious 

compositions,  including  Composition  A," 
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This  report  reviews  tiie  studies  of  Composition  A  made  in 
this  laboratory  since  February  15,  1942;  previous  work  has 
been  reported  in  OSRD  Reports  I^Oa  315  and  397,  Preparation 
of  Composition  A  la  first  discussed.  Of  the  possible  methods 
of  coating  RDX  with  wax,  the  slurry  method  is  deemed  best,  but 
to  most  neutral  petrolevun  waxes  vfetting  agents  like  Alox  600 
must  be  added  to  secure  good  coating  of  the  crystals  from  water. 
Roll-milling  of  the  wet  product  produces  a  material  which  is 
plastic  Mdien  heated  above  the  melting-point  of  the  wax,  but 
does  not  Improve  the  desensitizing  action  of  the  wax  if  coating 
of  the  crystals  has  been  good.  This  hot  plasticity  is  not 
required  in  American  loading  practice,  and  moreover,  the  tray- 
dried  unrolled  product  (Composition  A-3)  has  a  desirable 
granulation  without  any  special  graining  process. 

Next,  a  thorough  small-scale  study  of  the  pelleting  properties 
of  Composition  A  is  presented.  It  is  shown  that  the  pellet- 
density  may  be  represented  basically  as  a  fiinction  of  the  wax 
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htfdnass  (maas\arad  by  tha  ASTM  Fanatratlon  Taat)  and  the 
pnssure*  Effects  of  pallet  dlanetarf  pallet  length,  pressing 
tlna,  and  even  of  complicated  Increment  pressing  schedules  may 
be  Interpreted  In  terms  of  the  basic  pressure-penetratlon-denslty 
relations*  V/lth  Composition  A-3  rather  similar  results  are 
obtained*  The  Explosive  properties  of  Composition  A  are  next 
discussed.  It  Is  first  shovm  that  among  the  petrolevun  waxes 
which  are  suitable  for  use  In  this  product,  from  the  standpoint 
pelleting  properties,  each  seems  to  be  equivalent  as  a 
desensltlzer,  if  well  applied  as  a  coating. Composition  A,  because 
of  its  constitution  and  mechanical  properties,  Is  not  easy  to 
compare,  In  sensitivity,  with  pure-compound  explosive  material. 
Most  drop-weight  tests  show  It  to  be  more  sensitive  than  TNT, 
while  the  Bullet-Impact  and  Booster  Sensitivity  Tests  show  It  to 
be  less  sensltlve^han  TNT  (In  the  same  physical  form,  of  ceurse)* 
Considered  generally,  Srihll  scale  tests  place  Composition  A  -ea- 
»ho  sensitivity- eeale  as  clearly  less  sensitive  than  Tetryl 
and  more  sensitive  than  Ammonium  Plcrate-probably  In  the  same 
class  as  TNT  (pressed).  Small-scale  tests  of  performance,  on 
the  other  hand,  show  that  this  material  appears  to  outperform 
not  only  TNT  but  also  Tetryl  in  every  respect  vrtiich  has  •  been 
Investigated. 

The  chemic'Al  stability  of  Composition  A's  made  with  neutral 
petroleum  waxab  appears  to  be  essentially  as  high  as  that  of  RDX 
itself;  certain  synthetic  waxes,  however,  give  rather  unstable 
products.  The  loss  of  wax  In  high-temperature  storage  (60OC,) 
depends  upon  the  wax  used,  and  among  waxes  having  melting  points 
between  loO  and  175°F,  may  range  from  to  155^  of  the  wax 

in  five  weeks.  Finally,  such  variants  of  Composition  A  as 
Alximinlzed  Composition  A,  12^  Composition  A^  and  Composition  A- 
XNO^  mixtures  are  briefly  discussed  or  referred  to. 


Sssssl 


la  Introduotlon 

In  OSRD  Report  No.  313 »  work  at  this  laboratory  directed  toward 
discovery  of  a  substitute  for  beeswax  for  the  phlegmatizatlon  of 
RDX  has  been  reviewed  up  to  Dec.  30,  1941.  OSRD  Report  No.  397 
completed  the  description  of  this  work  through  February  15,  1942. 
Of  the  ten  waxes  suggested  in  these  reports,  one  was  selected 
for  use  in  RDX  Compositions  A  and  B,  and  has  so  been  used 
throughout  the  war.  With  this  adoption  of  90/10  Aristowax  160- 
65-  Alox  600,  which,  since  it  was  the  tenth  wax  listed,  has 
been  called  ”Bruceton  Wax  No.  10”,  one  phase  of  our  work  with 
Composition  A  came  to  a  close.  Pilot  operations  were  begun  at 
the  Eastern  Laboratory  of  the  duPont  Co.,  and  finally  full- 
scale  production  began  at  the  Tabash  River  Ordnance  7orks. 

Thus,  after  about  the  summer  of  19U2,  problems  concerning 
Composition  A  have  come  to  us  more  or  less  as  a  few  direct 
requests.  In  this  way  we  were  requested  to  study  the  first 
samples  of  unrolled  Composition  A  (Comp.  A-3)  from  the  duPont  Co. 
to  evaluate  certain  waxes  as  possible  substitutes  for  i^xistowax 
160-65,  to  suggest  possible  substitutes  for  Alox-60‘^,  or  to  seek 
waxes  whose  use  in  Composition  A  would  further  reduce  exudation. 
The  basic  reason  why  so  few  problems  concerning  Composition  A 
have  emerged  lies,  to  be  sure,  in  the  fact  that  this  explosive 
has  not  been  used  by  the  services  until  this  year,  when  it  has 
been  loaded  by  the  U.S.  Navy  in  the  5”-36  A.A.  Shell;  this 
development  came,  however,  too  late  for  the  clear-cut  definition 
of,  or  a  completed  laboratory  attack  upon  real  problems 
developed  in  use. 

Nevertheless,  during  the  period  since  February  1942  a  good  deal 
of  work  has  been  done  with  Composition  A  in  this  laboratory, 
partly  on  request,  and  partly  simply  in  the  course  of  general 
Investigations  of  desensitization  and  properties  of  explosives; 
This  work,  coupled  with  the  growth  of  experience  at  the  E.R.L., 
has  gradually  produced  so  many  chailsbs  in  our  point  of  view  that 
the  underlying  tone  of  the  two  early  reports  is  now  no  longer, 
fairly  representative  of  our  beliefs,  though  the  facts  presented 
are  generally  true,  and  the  wax  which  was  chosen  from  the 
recommended  list  in  O.S.R.D.  No.  313  has  proved  most  satisfactory 
(except  for  changes  in  the  properties  of  the  Aristowax  in 
production  over  a  period  of  time,  a  matter  which  could  scarcely 
have  been  forseen,  and  which  has  had  no  demonstrable  ill  effects 
in  any  case).  Accordingly  we  shall  in  this  report  summarize 
the  work  done  with  Composition  A  at  £,R.L.  since  February  15} 
1942,  and  stress  changes  in  opinions  and  points  of  view  which 
have  arisen  during  that  period. 
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2«  Studies  of  th#  Preparation  of  Composition  A. 

(1)  Application  of  Wax  to  RDX 

It  has  been  generally  accepted  that  the  most  satisfactory  method 
of  incorporating  the  wax  with  the  RDX  is  by  the  addition  of 
molten  wax  to  a  well-agitated  water  slurry  of  RDX,  held  above  the 
melting-point  of  the  wax.  In  the  laboratory,  with  batches  vary¬ 
ing  from  50g.  up  to  10  l>ha..,  we  have  slowly  added  molten  wax  to 
a  rapidly  stibred  slurry  of  RDX  in  water  (1:3,  RDX;  ’'"ater)  at 
about  90°C.  When  a  wax  suited  to  this  process  is  employed,  the 
RDX  crystals  are  completely  coated  with  wax  after  5-6  minutes  <f 
stirring  and  have  agglomerated  to  small  round  grains  which,  when 
stirring  is  stopped,  settle  rapidly  to  the  bottom  of  tho  Icettlo, 

Tho  slurry  of  grains  may  then  either  be  allowed  to  cool  with  stirr¬ 
ing,  or,  if  the  batch  is  large,  be  cooled  rapidly  by  the  addition 
of  cold  water  to  the  kettle,  ’'’hen  cool,  most  of  the  water  may 
be  decanted,  and  the  residue  removed  on  a  filter,  Commorcial 
practise  generally  does  n9t  deviate  in  principle  from  this 
procedure,  "’e  have  made  numerous  laboratory  studies  of  the  exact 
conditions  which  give  a  well-coated  granular  product  of  suitable 
grist,  but  such  procedures  are  not  necessarily  applicable  to 
large-scale  production,  so  need  not  be  detailed  here.  If  too 
little  water  is  used,  tho  product  does  not  ball  up  well  to 
suitable  grains;  too  much  water,  inadequate  stirring,  too  high 
a  viscosity  of  the  molten  wax,  and  too  low  an  oiling  temperature 
slow  down  tho  rate  at  which  RDX  crystals  are  coated. 

a*  Coating  Properties  of  Waxes 

ill  though  beeswax  is  suited  to  the  process  outlined  above, 
neutral  petroleum-base  waxes  in  general  are  not,  although 
some  highly  colored  and  impure  amorphous  waxes  do  appear  capable 
of  wetting  RDX  from  water  in  this  manner.  On  the  other  hand,  most 
neutral  petroleum-base  waxes  are  taken  up  by  RDX  in  such  a  slurry¬ 
mixing,  and  do  not  remain  floating  on  the  water  layer  when 
agitation  has  stopped,  '.hen  such  waxes  are  colorless,  it  is  hard 
to  be  sure,  on  casual  Inspection,  that  the  RDX  has  not  boon  coated 
(though  the  uncoated  product  never  grains,  but  remains  fine). 

The  ultraviolet  examination  technique  developed  at  Picatinny 
Arsonali/ permits  an  easy  differentiation  between  RDX  samples  which 
simply  contain  wax,  and  samples  which  have  been  well  coatod, 

Plate  1  shows  photomicrographs  at  x  of  samples  of  RDX,  of 
StoX  /  Aristowax,  and  of  RDX  /  9^  Aristowax-Alox  (Brucoton  ’'’ax 
No.  10)  viewed  in  ultraviolet  fluorescent  light,  and  in  white 
light,  Lach  waxed  sample  was  made  by  tho  slurry  method,  and 
in  each  case  the  wax  was  apparently  taken  up  by  the  slurry. 

The  difference  between  the  coarse  grains  of  the  coated  RDX  and  the 
fine,  uncoated  matiriel  is,  of  course,  apparent,  but  tho 


i/  Technical  Report,  Picatinny  Arsenal,  Serial  No,  1487, 

January  17,  1945.  "Desensitization  of  High  Explosives  by  Waxes" 
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Plate  1 

Uagnlfloatlon:  4 .ax 
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photographs  In  fluoroscant  light  ravaal  clearly  that  the  wax 
In  the  tincoatcd  sample  is  actually  prasont  only  In  a  few 
globules,  while  the  sample  made  with  Alox  Is  uniformly  coated. 

Now  if  the  filtered  product  is  to  be  subjected  to  a  series  of 
roll-mllllngs ,  (Composition  A)  failure  to  coat  completely  might 
not  bo  objectionable,  but  if  the  product  is  to  be  tray-dried 
and  used  directly  (Composition  A-3)i  failure  to  coat  the  RDX 
well  will  give  very  sensitive  products.  The  three  samples  shown 
In  Plate  1  gave,  for  example,  when  tested  as  a  group  on  the 
type  12  Im'pact  Machine,^  the  following  50%  points  in  centimeters; 

Sample  50%  Point  ' cm. ) ,  Type  12 

RDX  15 

Comp.  A- 3;  no  Alox  31 

Comp.  A-3f  with  Alox  72 

Bullet  tests,  using  samples  pressed  to  a  density  of  1.0  in  1" 
plpo-nlpplcs,  and  Cal.  0.30,  Bell,  M2  Ammunition,  gave  hlgh- 
ordcr  detonations  In  each  of  tun  trials  with  a  Composition  A-3 
made  without  Alox,  while  59  samples  of  well-coated  exposition  A-3 
have  each  been  Inert  under  the  same  test  condHons.-^  ^  It  Is 
certain  that  the  suggested  waxes  numbered  7  and  9  in  OSRD  Report 
No,  313  do  not  coat  RDX  from  water,  and  It  is  probable  that  the 
waxes  numbered  1  and  3  do  not  coat  woll. 


^  O.S.R.D.  Report  No,  5744 
y  O.S.R.D.  No.,  5745. 

Picatinny  Arsenal  Technical  Reports  1489  and  1499  present 
similar  and  more  detailed  correlations  between  wax  coverage 
and  sensitivity  for  PETN-wax  systems. 
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It  now  seejns  clear  that  aost  petroleua-base  waxes  form  In  water 
an  interfaclal  contact  angle  on  RDX  crys*^al  surfaces  which  Is 
finite;  accordingly  RDX  particles  adhere  to  wax  globules  and  re* 
tain  them  in  the  slurry.  The  RDX  is  neither  capable  of  acting  as 
an  efficient  powder-emulsifier  for  wax  in  water  nor  is  it,  on 
the  other  hand,  completely  wet  and  coated  by  wax.  To  assure  the 
latter  bohavlor,  which  is  shown  by  beeswax  (and  certain 
petroleum  waxes  which  presumably  contain  polar  impurities 
adequate  as  wetting  agents),  it  is  generally  required  that  a 
wettlng-agont  be  added  to  the  wax  to  make  the  wax-«nter  contact 
angle  on  RDX  zero.  For  this  purpose  the  catalytlcally  oxidized 
petroleum  product  called  Alox  600  (Alox  Corporation,  Niagara 
Falls,  N.Y. )  was  suggested  in  OS^  Report  No.  313  (1941),  and  was 
adoptr;d(as  an  ingredient  of  '7ax  ^10).  This  additive  has  boon 
satisfactory,  in  the  main,  but  has  presented  two  imrclated 
difficulties.  Alox  aamplos  generally  contain  small  quantities 
of  resinous  material  Insoluble  in  molten  wax,  in  amounts  which  vary 
somewhat  from  sample  to  sample.  This  dark  material  is  sticky 
and  possibly  troublesome  in  production;  it  moreover  anpoars  as 
dark  flecks  in  the  product,  which  perhaps  tend  to  spoil  its 
appearance.  No  real  harmful  effects  have  ever  been  id-ntified 
with  this  resin.  It  has  been  more  recently  observed  that  the 
recommended  concentration  (10^)  of  Alox  600  in  the  ./AX  ,^10  is 
considerably  more  than  is  needed  to  ensure  good  coating,  and  that 
the  Alox  tends  to  increase  stickiness  and  wax  exudation.  It  is 
recommended  that  a  reduction  of  the  Alox  600  content  from  10  to 
19&  be  made,  to  reduce  exudation  and  stickiness. 

Since  'Vax  ,i^l0  was  also  approved  for  use  in  Composition  B, 
considerable  quantities  of  aLox^OO  were  used  during  the  war,  and 
at  one  time  requests  were  rocoived  to  make  recommendations  for 
a  substitute  for  Alox  600.  Several  materials,  including 
Stearic  Acid,  cetyl  alcohol,  and  anhydrous  lanolin  were  tried. 

Of  these  it  was  felt  that  lanolin  most  nearly  resembled  Alox  in 
its  effects.  Stearic  Acid  hardened  the  base  wax  considerably, 
and  tended  to  make  the  product  discolor  in  contact  with  brass. 

Cetyl  alcohol  Increased  the  exudation  more  than  Alox  600. 

It  was  not  actually  necessary  to  employ  any  substitute  for  Alox 
600.  O.S.R.D.  Report  No,  313,  P*6,  lists  a  large  number  of  .other 
additives  which  have  been  tried,  especially  with  paraffin,!/ 


^  Picatinny  Arsenal  Technical  Report  1533  presents  information 
concerning  a  somewhat  different  application  of  wetting  agents 
in  FFTN-wax  systems  to  secure  uniform  coatings  and  uniform 
particle  sizes  in  final  products. 
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b.  Thu  Bffviots  of  Wax  Vlscoelty 

A  few  waxes  have  been  tried  In  Composition  A  which,  dosplte  the 
addition  of  10^  Alox  600,  failed  to  give  good  coating  from  water 
except  with  unusually  vigorous  stirring  and  at  unusually  high 
temperatures.  Two  such  waxes  were  B-square  '^'ax  and  the  tank- 
bottom  wax  Super  Gem  Amber.  It  Is  believed  that  these  amorphous 
waxes  had  too  high  a  viscosity  at  the  oiling  temperature  and 
were,  accordingly,  being  prevented  from  spreading  by  purely 
mechanical  means.  The  following  viscosities  were  determined  at 
210°?  with  the  Brookfield  Viscometer: 


Wax 


Viscosity  ( centlpolsos) 


Super  Gem  Amber 
B-Square  'Vax 
Superla  'Vax,  Yellow 
Stand  ind,  170/75 
Aristowax,  l6o/65 
Stanollnd,  l60/65 
500  Paraffin 


16,0 

12.3 

10.4 
8.5 
7.4 
6.2 
4.3 


It  Is  known  that  Stanollnd  170/75  wax  oils  well  at  reasonable 
temperatures,  and  that  Superla  ’/ax  Yellow  is  fairly  satisfactory; 
accordingly.  It  seems  wise  to  use  waxes  whose  viscosity  Is  below 
about  9  centipolses,  or  below  about  60  Saybolt  Universal  Seconds 
at  210Or,^  An  allied  difficulty  has  been  encountered  in 
attempting  to  prepare  samples  of  waxed  HDX  containing  of  wax. 
Under  these  circumstances,  the  wax  does  not  seem  to  spread  evenly 
In  a  thin  coat  over  all  the  RDX.  By  adding  not  the  molten  wax, 
but  a  hot  solution  of  war*  in  CClj  ,  a  smooth  coating  can  be  obtained 
•the  solvent  being  evaporated  off.  ’•'hen  too  fine  an  RDX,  such 
as  the  through  325  cut  of  a  production  RDX  is  used  to  make  a 
regular  Composition  A,  a  similar  difficulty  Is  encountered, 
which  also  seems  to  be  a  mechanical  one,  rather  than  the  result 
of  the  surface’s  being  too  great  to  be  covered  by  the 
available  wax  (In  this  case  the  amount  of  wetting  agent  adequate 
for  normal  grist  RDX  may  have  become  Inadequate^  however). 


^  It  seems  to  us  that  the  upper  limit,  75  Saybolt  Universal 
Seconds,  allowed  by  Flcatlnny  Arsenal  Tentative  Specification 
PZS-1127  Is  higher  t  lan  deslreable. 


0.  other  Methods  of  Coating 

In  early  laboratory  studios  of  wax  desensltlzatlona,  certain 
waxes  which  could  not  be  applied  without  additives  from  water, 
such  as  paraffin,  were  distributed  mechanically  over  the  RDX 
surface  by  dissolving  the  wax  in  CGl^,  mixing  the  solution  with 
dry  RDX;  and  evaporating  off  the  solvent  as  the  sample  was 
stirred.  Judged  by  sensitivity  tests,  fair  coatings  v/ere  thus 
obtained,  but  the  method  seems  not  to  b  suited  to  larg&ecale 
procedure ;  and  can  in  any  case  be  easily  avoided  by  addition 
of  wetting  agents.  Various  methods  of  coating  PJLTN  with 
wax  have  baen  studied  at  Picatinny  iirsenal.Z/  Coprecipitation  of 
PETN  and  wax  frem  acetone  by  water  addition,  and  co-crystalli¬ 
zation  of  PETN  and  wax  from  ethyl  alcohol,  as  well  as  coating 
in  water  slurry  were  tried.  The  latter  method  gave  by  far  the 
best  coatings. 

(2)  Rolling 

a,  Tho  Effect  of  Rolling  on  Sensitivity 

Early  in  the  course  of  study  of  Composition  A  in  these 
laboratories,  it  was  believed  that  roll-milling  of  the  wet 
waxed  product  was  required  to  give  the  full  desensitizing  effect 
of  added  wax.  Before  differential  rolls  had  boon  obtained, 
mechanical  mortars  were  used  to  wet-grind  waxed  samples-  At  this 
time  sensitivity  tests  were  made  with  the  Type  4  Impact  Machine, 
and  the  ratios  of  the  measured  505^  points  for  the  waxed  sample 
and  for  RDX  were  quoted  as  "desensitization  ratios",  ’Tlth  this 
mortar-griding  technique  and  this  Impact  Machine  effects  of 
milling  on  the  dosensitization  ratio  were  studied.  Results 
such  as  these  are  typical:  One  hour's  wet  milling  of  a  beeswax 
coated  sample  raised  the  desensitization  ratio  from  1,9  to  2,8; 
milling  (of  unspecified  duration)  increased  the  desensltlzatlon 
ratio  of  a  paraffin-stearic  acid  coated  sample  from  2.7  to  7,6, 
Results  of  this  sort  temporarily  convinced  workers  that  somekind 
of  milling  was  required  for  good  desonsltization,  Wlien 
differential  rolls  were  obtained  the  f-..  Mowing  milling  series 
was  studied;  rolling  of  the  Beeswax-Coated  RDX  was  at  0,005" 
roll  separation,  \Mth  unsprung  rolls  (l.e.  infinite  spring  force). 


Number  cf  Passes 


50^  Pt,  (cm);  Type  4, 


1 

5 

7 

9 

11 


09» 


65 

95 

74 

108 

at  115  cm. 


2/  Picatinny  Arsenal  Technical  Report  1489, 


8/  Sec  O.S.R.D,  Report  No,  5744, 
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These  results  appeared  to  confirm  the  earlier  ones.  In  December 
of  1942  a  sample  of  grained  Composition  A  and  of  Composition  A-3 
(unrolled),  made  by  the  dt^Font  Co.  from  Bruceton  ^'"^ax  No.  10, 
were  received  for  comparison.  At  this  time  the  Type  4  machine 
had  been  abandoned  as  too  irreproduclblo,  so  the  samples  were 
tested  on  the  Type  7  xnachlne  (See  footnoted),  giving  the  Ibllowlng 
results: 


Explosive  Point  ( cm) ;  Type  7 

Composition  A  151 

Composition  A->3  (unrolled)  150 

TNT  (average  of  10  trials)  153 

Bullet  tests  of  these  two  materials  hand-tamped  In  1"  pipe- 
nipples,  tested  with  Cal.  0.30,  Ball,  M2  ammunition  also  revealed 
no  sensitivity  difference.  Accordingly  a  new  milling  series 
was  made,  using  sprung  rolls  at  0.020**  roll  separation  and  460^. 
spring-force  (which  was  then  current  laboratory  practice),  and 
also  unsprung  rolls  and  a  0.005'*  roll  separation,  as  was  used  in 
the  earlier  series.  The  following  results  were  obtained. 


Passes 

Roll  Separation 

Spring-Force 

505^  Point { cm) Type  7 

None 

110 

2 

0.020" 

460  lb. 

117 

8 

0.020" 

460  lb. 

115 

2 

0.005" 

86 

8 

0.005' 

ONC7 

95 

Four  bullet-tests  under  the  conditions  already  mentioned  were 
made  on  each  sample,  and  no  detonations  were  obtained.  Taken 
at  face  value,  these  results  suggest  that  the  unrolled  material 
was  well  covered,  and  its  sonsitivity  was  not  affected  by 
milling'  with  sprung  rolls  at  a  rather  wide  separation,  but  that 
milling  with  close,  unsprung  rolls  actually  fractured  coated 
crystals,  and  only  by  repeatod  passes  was  the  coating  re¬ 
established.  To  test  this  notion,  a  well  coated  sample  was  milled 
one  pass  through  unsprung  rolls  at  0.001**  separation  and  tested 
at  density  1.0  in  the  Cal.  0.30,  Ball,  M2  bullet  test,  using 
1**  pipe  nipples.  Results  were; 

Explosive  No.  Trials  Percent  Inert 

Comp.  A-3  (unrolled)  59  100^ 

Comp.A-rolled  one  pass  5 
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y«w  trials  were  made  with  this  ▼lolently  rolled  material, 
but  It  seeios  to  bo  more  sensitive  than  the  unrolled  product. 
Since  this  time,  rolled  and  unrolled  samples  have  been 
compered  on  several  occasions  with  the  Type  12  Impact 
Machine  (See  reference  8);  no  difference  has  been  detected. 
The  early  results  seem,  therefore,  to  have  been  misleading 
for  reasons  which  cannot  bo  reconstructed  In  detail.  It  Is 
possible  that  In  early  small  scale  preparations,  made  with 
hand  stirring  the  coatings  of  wax  wore  not  very  good,  and 
that  with  these  samples  (as  with  any  badly  coated  ones)  the 
mechanical  effects  of  rolling  or  grinding  of  suitable 
violence  wore  helpful.  The  early  milling  serlos  did  not 
include  a  test  of  the  unmllled  product,  so  that  perhaps  It 
reveals  only  the  affects  of  re-covering,  by  milling,  of 
surfaces  exposed  by  the  first  pass  through  the  rolls.  In  ‘ 
any  case,  no  evidence  now  exists  to  assort  that  a  well- 
rollod  and  a  well-coated  unrolled  Composition  A  display 
different  sensitivities.  On  the  other  hand,  it  is  certain 
that  a  poorly  coated  unrolled  material  will  be  unduly 
sensitive,  and  it  Is  probable  that  a  few  passes  of  a  well- 
coated  material  through  close,  unsprung  rolls  will  Increase 
rather  than  decrease  its  sensitivity. 

b.  The  Effects  of  Rolling  on  the  Plastic  Properties  of 
Composition  A."  '  '  . . 

If  Composition  A  and  A-3  are  equivalent  in  sensitivity,  the 
former  displays  markedly  superior  plastic  properties  when 
warmed  above  the  melting  point  of  the  wax.  This  difference 
is  the  result  of  the  favorable  particle  size  distribution 
of  the  RDX  produced  by  roll-milling,  and  is  a  difference 
which  is  of  great  Importance  when  Composition  A  is  to  be 
loaded  as  a  scmlplastlc  by  hot  stemming,  which  is  British 
loading  practise  with  this  material,  but  which  has  never 
been  seriously  contemplated  in  this  country.  This  effect  of 
rolling  became  apparent  to  us  only  when  our  first  sample  of 
British  product  was  rocolvcd  early  in  1942,  At  this  time 
also  a  few  of  the  details  of  British  rolling  practise  were 
received,  and  over  a  scries  of  months  we  investigated  rolling 
procedures  in  an  attempt. to  match  the  plastic  properties  of 
the  British  product.  ”hen  the  warmed  British  material  was 
pressed  into  thin  plates  and  cooled,  these  plates  were 
characterized  by  considerable  hardness;  such  plates  break  with 
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a  sharp  snap,  and  when  viewed  under  the  microscope  are  found 
to  be  well  consolidated  end  close  grained.  Wc  Wore  easily 
able  to  avoid  the  dry  powdery  products  produced  in  early 
rollings,  but  the  bast  samples  crumbled  rather  than 
snapped,  and  were  always  found  under  the  microscope  to  be 
of  rother  open  grain.  Finally,  in  December  of  1942  the  first 
Composition  A  sa nples  from  the  larger  rolls  at  the  Eastern 
Laboratory  of  the  duPont  Co.  were  obtained;  these  seemed 
comparable  in  hot  plasticity  and  cold  hardness  to  the 
British  saxaples.  Shortly  thereafter  it  appeared  that  tho 
rolled  product  would  not  find  use  in  this  country,  so  further 
attempts  to  discover  the  correct  condi'*'ions  for  small-scale 
milling  were  abandoned. 

i'ievertholoss,  there  are  conditions  under  which  a  good  rolled 
product  is  very  useful.  One  of  these  is  in  the  production 
of  the  British  pourable  HDX-‘fex  Aluminum  mixture,  which  is 
prepared  by  the  addition  of  extra  wax  and  aluminvim,  plus 
lecithin,  to  a  rolled  Composition  A.  "’ith  a  total  of  12^ 
wax,  such  a  mixture  can  be  poured,  but  with  unrolled 
Composition  A.  one  needs  almost  ZO^/o  of  wax. 

(3)  Drying 

British  products  and  Composition  A  and  A-2  as  specified  in 
this  country  were  dried  in  a  jacketed  kettle  equipped  with 
an  anchor- stirrer.  In  the  laboratory  we  used  a  steam 
heated  Banbury  mixer,  capable  of  drying  a  two-pound  batch. 

These  procedures  produce  coarse,  lumpy  products,  hard  when 
the  material  has  be^n  rolled,  and  more  friable  when  it  is  un- 
rcllod  or  poorly  rolled.  Composition  A-3  is  tray-dried  in  a 
current  of  warm  air  at  150-160°F,  In  the  laboratory  we  have 
dried  this  material  in  a  forced-draft  oven  at  150°F.  The 
maximum  water  content  permitted  by  U.S,  Army  Ordnance  Dept, 
Tentative  Specification  AXS-768  (Ref,  2),  Feb,  7,  1945,  is 
0.15&.  No  particular  investigation  of  the  drying  process  has 
been  made  in  this  laboratory. 

( 4)  Graining 

At  ono  timo  small-scale  processes  for  s.  raining  the  coarse  lumps 
of  Composition  A  in  the  differential  rolls  were  studied  and 
employed  in  the  laboratory  to  produce  products  suited  to 
pelleting.  Procedures  for  glazing  with  graphite  in  a 
tumbling  barrel  were  likewise  used.  These  have  become 
generally  of  no  interest,  since  the  Composition  A.-3  is  directly 
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obtained  In  a  form  suitable  for  pelleting,  and  graphite 
coatings,  If  desired,  may  bo  obtained  directly  by  adding 
graphite,  wet  with  water,  to  the  sliirry  after  the  granuloa 
of  Composition  A-3  have  formed;  oontin”id  stirring  coats  the 
granules  with  graphite. 
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3 .  3tU'  lea  of  the  Pressing  Charaoterlstlc  of  Composition  A 

Mhen  it  becaiae  obvious  that  Composition  a  loading  by  the  British 
hot -stemming  method  viould  not  be  acceptable  i.'.  tiiis  country,  it 
VJas  felt  that  a  thorough  s.A.ll-scale  study  oi’  the  pressing 
Characteristics  of  Composition  shoulc  be  undartahen.  It  was  hoped 
that  such  a  study  might  at  once  serve  as  a  guide  in  choosing  \«axes 
w.  dch  would  produce  products  suited  to  any  specific  loading  con¬ 
ditions,  and  constitute  an  aid  in  designing  io.. ding  equipment  and 
procedures  for  any  specific  Composition  .,hen  this  worn  was 
completed  la  tue  soumier  of  1942,  no  one  seei^ed  inter Coted  in  load¬ 
ing  Composition  a,  so  tne  results  have  never  aeen  reported  in  a 
foriiial  Progress  heport;  accordingly  they  will  be  presented  now, 

( 1 )  The  Variables;  their  i-easurement  or  Control 

a  Internal  Vi  riablea  (Those  Fixed  for  a  S'ecific  Comoof- 
- - - 

( a )  h'ax  Content 

All  the  s  mples  of  Compoaltion  A  made  in  this 
laboratory  were  prepared  with  9;i>  wan  by  weight,  and  no  attempt 
was  made  to  vary  this  aiount,  althou  ,h  the  sajiple  of  British 
material,  which  has  also  baen  studied,  has  been  found  to  contain 
9.40';j  wax. 

(b)  'w'ax  Density 

The  densities  of  the  various  waxes  used  in  this 
work  were  found  to  be  sufficiently  different  to  influence  the 
measured  results;  accordingly  the  densities  of  all  pressed  charges 
have  been  corrected  to  the  densities  which  would  have  been  measured 
had  the  vjax  possessed  the  density  of  Bruce  ton  '-ax  .■•o.  10.  This 
correction  is  large  only  in  the  case  of  samples  made  with  beeswax, 
but  is  appreciable  in  oth;r  cases  also.  ithin  the  density  range 
of  interest,  this  adjustment  may  be  simply  m^.d;:  by  adding  a  correct¬ 
ion  to  the  measured  density.  The  following  Table  gives  the  wax 
densities  and  additive  corrections  for  the  waxes  studied; 


•MW 

wax 

density 

Correction 

1. 

Bup  srla  ..ax.  Yellow 

-0.002 

2. 

Yellov/  .exfrican  Beeswax 

0.958 

-0.008 

3. 

BrucetOxi  wax  no.  10 

(90^,.^  -..ristowax  I6O-65, 
lOSi  -.lox  600) 

0.929 

0.000 

4. 

90  r-^etrocene  C, 

i05i  -aox  600 

0.933 

-0.001 

5. 

95' j  C-ulf  Petrowax 

5‘o  -Ion  600 

0.917 

♦0.003 
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(o)  3X^e  Distribution  of  the  aig;: 

i-.ll  sauples  xoade  i.:  this  laboratory  were  prepared 
fron  HDutl  h  vlng  the  saiae  initial  size  distribution,  and  all  were 
passed  sir  tines  throu^  a  dii'ferential  roll-mill  at  roll-separ¬ 
ation  0,020“ ;  accordingly  it  is  hoped  that  this  f  ctor  has  been 
held  constant.  The  British  sauple,  however,  has  definitely  a.J'iner 
grist. 

(d)  Grain  Size  of  the  grained  Oomposition  h 

Both  the  British  and  our  own  saijples  weie  grained 
by  the  same  procedure;  furthermore  control  experiments  h.ve  shown 
that  the  density  of  tna  pressed  pellets  is  not  very  much  altered 
even  by  large  changes  in" the  grist  of  the  material  pressed, 

( e )  Consistency  of  the  Grained  Composition  . 

Grains  of  the  British  luaterial  were  considerably 
harder  and  more  compact  than  tnose  of  our  products;  the  effects  of 
tnis  difference  will  be  mentioned  later.  *j;iong  our  own  products, 
however,  the  consistency  appeared  to  be  a  property  which  v<as 
independent  of  the  specific  wax  used. 

b  Jiixternal  Variables  (Those  ^ixed  for  a  Specific  Pressing) 

(a)  Pressure 

The  oll-piessure  in  the  press  was  measured  with  an 
ordinary  Bourdon  pressure  gage,  calibrated  against  dead-weight 
pressure  i.*  a  comparison  apparatus.  The  pressure  on  the  explosive 
was  calculated  in  the  usual  v<ay,  the  force  required  to  float  tne 
plunger  of  the  press  be.ng  subtracted.  It  is  felt  that  the  ioax- 
imtua  errors  i.i  the  pressure  were  v.bout  +  2^/®. 

(b)  Temperature 

The  molds  were  wrapped  with  heating  elements, 
powered  by  a  Varitrans,  and  the  temperature  of  the  mold  vias  meas¬ 
ured  with  a  thermocouple  deeply  Imbedded  in  the  wall  of  the  mold. 

In  general,  the  explosive  was  loaded  into  tho  mold,  pressed  down 
firmly  by  hand,  and  then  the  mold  was  slowly  brou~ht  up  to  texa- 
perature  (in  ..bout  10  minutes),  held  tiiere  for  nbout  three  ruinutes, 
and  then  the  pressure  was  applied. 

( c )  Shape  and  Size  of  Char';e 

Most  of  our  systexaetic  work  has  been  done  with 
ten-graxtt  pellets  in  a  one-inch  c,  liudric;;!  -.old.  Variations  in 
diameter  and  lengtn  of  C;<lindrical  charges,  cuid  variations  to  non- 
oyllndrical  shapes  have  been  studied  as  well. 
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(d)  Prossinr^  Schedule 

The  effects  of  time  of  pressing,  and  of  pressing 
in  soTeral  increments  h  vj  been  studied. 

(e)  Others 

The  effects  of  tightness  of  the  plungers  and  of  the  exiat- 
enoe  of  paths  of  egress  .ror  entrapped  air  h...ve  been  studied. 

c.  .•».  mixed  Variiible  (The  ■  ax  Consistency) 

It  hds  proved  useful  to  express  the  consistency  of  the  wax 
in  terms  of  tne  .-.oTL.  ponetiution  test,  Dosign^^tion  D5-25»  omploy- 
ing  c  steal  needle  loaciod  ‘.itn  a  200  g.  weight,  and  a  time  interval 
Of  5  seconds.  The  results  are  expressed  here  in  tenths  of  a  milli¬ 
meter  pan3tr;*tion,  and  are  design  ..tod  b^;  (pressure  will  be 
designated  p).  This  variable  is  fixed  for  u  .given  Composition  m 
only  at  constant  taraporaturo .  figure  1  ,-:ivc  the  penetrations  of 
four  waxes  c^^osen  for  study  as  functions  of  the  temperature.  It 
has  been  shown  experi  .entally  thst  two  Composition  n.*s  made  with 
different  waxes  ,;iva  the  s.'j.;g  densities  when  pressed  at  the  sane 
pressures,  provided  the  pressing  te.iperatures  are  such  that  their 
penetrations  are  aqu.  1  (at  tempera tures  low  enough  so  the  waxes  i’re 
not  molten,  of  course).  ..coordingly ,  the  identity  of  the  wax  and-ihe 
tempera ture  maybe  comoine.  and  expressed  as  one  ‘variai>l<‘i thdpenetxatlohVa drvioe 
which  is  often  useful  and  le..ds  to  gr-at  simplification  of  the 
results.  The  value  of  P,  t.ien  deponds  both  on  the  identity  of  the 
Composition  sample  nd  on  the  temperature  employed  in  ahy  specific 
pressing. 

(  2)  Preliminary  Pressure— Density  Isotherms 

The  curves  of  Figures  2-4  present  the  preliminary  pressing 
data,  obtained  on  ton-grum  ssmples,  pressed  at  various  tomperatures 
and  pressures  in  a  ona-inch  mold.  The  pellets  generally  ’wore  very 
smooth  and  rogular  w.ien  pu,3hed  from  the  mold,  so  th.rt  they  could  be 
measured  very  3as:.ly  with  u  micrometer  caliper;  the  diameters  \/ere 
very  constant,  end  though  there  was  some  variation  in  the  height  of 
the  pellet,  it  was  enerally  sufficient  to  measure  the  height  at  the 
eontor  and  at  four  spots  near  the  edges,  and  use  the  ;.vorage  height. 
Pellets  wore  weighed  on  ;.n  analytical  .alanco,  and  the  densitios 
po.'.puted  directly. 

a  The  Affect  of  Lalti:.v;  of  the  .ax 

One  of  the  firet  striking  features  of  these  curves  is 
de..'.onstr eted  by  r..v>  75“  curvo  of  Figure  2.  t..  e  only  curve  taken 
above  the  malting  point  of  the  wax.  fha  slope  of  tais  curve  at  low 
pressures  is  much  s.  .ell^-r  tii.  n  that  of  ti-  of  mr  curves,  and  t.iis 
slope  persists  muc.'j.  ^-ttor  at  the  high  pressures,  whila  the  lov/cr 
to...poxaturo  curvos  flatten  out  and  a  )pear  to  r:.ach  a  limiting  density. 
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Hovjovor,  it  has  also  boon  obsorvod  at  higher  prstsuf es '  that  in  this 
75*  prctssing,  nugh  Ox  the  vax  is  lost  from  tho  axplosivo,  and  for  cod 
out  of  tho  Hold.  Such  behavior  would  result  in  a  dscroasod  wax 
content,  and  probably  a  i.oro  sonsitivo  shell  filling?,  so  vo  believe 
that  it  is  not  to  bo  recotnnendod,  and  have  niado  little  further  study 
of  mixtures  above  the  melting  point. 

b  The  Irregular  Heeions 


la  both  Fiigures  2  und  X*  '*'^0  20  and  30®  curves  appear  to 
belong  to  a  regular  family,  while  tho  5CJ*  curves,  above  two  or  three 
thousand  pounds,  tend  to  depart  from  this  regularity  and  fall  off 
again.  ^i.ctually  tho  dotted  curves  of  th^^se  tviio  figures  correspond 
to  regions  of  consider c.blc  experimental  irregularity  also;  pellets 
appear  to  be  cracked,  densities  are  very  difficult  to  reproduce, 
and  the  centers  of  tho  pellets  are  markedly  higher  than  tho  edges. 
Such  pellets  wore  said  to  h..ve  re-expanded,  and  several  attempts  to 
remedy  tnis  rs-oxpahslon  wore  attempted.  Of  those,  the  following 
were  successful: 

‘  (a)  Cooling: 

It  was  foi’nd  that  if  pellets  were  pressed  at  50*  for 
one  minute,  and  then  the  mold  cooled  with  ice  ss  rapidly  as  possible, 
(this  took  .bout  15  minutes)  with  tho  pressure  on,  the  cold  pellet, 
when  removed,  showed  none  of  the  re-expansion  effects,  whereas  a 
pallet  hold  under  pressure  for  tho  same  length  of  time  at  50*  did 
exhibit  the  low  density,  crocks,  and  all  the  effects  shown  by  the 
Pwllwts  pressed  for  one  minute.  It  *  as  believed  that  tho  effect  of 
cooling  was  tho  hardening  of  tho  wax  to  si'.cn  an  extent  that  the  ro- 
oxpansion  could  not  take  place. 

(b)  Ro-prossing 

It  was  also  found  that  if  these  re-expandod  pollets 
were  put  back  into  the  mold  after  about  30  minutes,  and  again  pressed 
for  tho  samo  length  of  time,  .^nd  at  tho  sarao  pressure  end  temperature 
as  before,  their  densities  would  rise  to  tho  values  one  would  ex¬ 
pect  from  the  20  and  30*  curves;  this  rise  in  pressure  could  not  bo 
aohiovod  by  pressing  once  for  twice  as  long,  or  by  pressing  twico  in 
rapid  succession.  Tho  effect  of  ro-pressing  is  ospecielly  merkod  in 
gj/^uro  4-.  where  the  re-expansion  seems  to  bo  moro  regular,  but 
affects  oven  tho  30*  curve;  the  dotted  curv.,s  ixi  this  Figure  are  for 
the  .. e-pressed  pellets.  These  experiments  in  re-pressing  led  to  tho 
belief  that  the  causo  of  re-expansion  was  entrapped  air;  when  tho 
pcllot  \.as  allovied  to  stand,  this  air  gradually  ioaked  out,  .<nd  tho 
pollct,  upon  re-pressing,  would  come  much  closer  to  its  proper 
density. 

(c) 

k  mold  W£.o  therefore  proparec'  which  on.. bled  th« 
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operator  to  Iiold  tlio  saiAplo  at  roduood  prossuro  (15  to  18  riri.)  for 
5*10  ralnutoa  beforo  applying  tho  prossuro.  Composition  ..*s  prossod 
In  tlio  Taouuin  mold  showed  no  ro-ezpanslon  of  foots;  honoo  It  was 
dooldod  that  systomatlo  studios  should  begin  with  vacuum  pressing, 
thut  tho  pressing  at  etmospherlo  prossuro  should  follow,  and  that 
then  the  ro»oxpanslon  phon^onon  could  bo  Isolatod  and  studied  by 
Itself. 

■  -V" 

(3)  Systematic  Pressing  of  l^ellets 
a  Vacuum  Pellets 

In  order  to  cover  the  range  of  ponstratlons  botwoon  15  <-nd 
150,  Composition  iJs  wore  made  up  from  four  different  waxes,  euporla 
wax  Yollov;,  Brucoton  v/ax  2?o«  10,  eello\w  .^.frlcan  Beeswax  and  95/5 
Gulf  Potrowaz  ik-^J.ox  6OO,  vilth  tho  aid  of  which  this  entire  range 
could  be  covered  within  tho  temperature  range  of  25  to  40®.  Pellets 
woro  pressed  at  a  aeries  of  prossures  and  ponetr-tlons,  tho  fomor 
being  restricted  to  tho  range  botwoon  2000  nd  10,000  pounds  per 
square  inch,  Figure  5  shows  tho  results  of  these  pressing  exporl- 
moats  preaantod  as  penot;.atlon-donslty  Isobars,  *-n  alternative 
method  of  presenting  thoso  results  Is  to  plot  pressure-density  curves 
at  constant  ponotretion, 

is  Shown  In  Figure  6.  Thcro  is  a  tondoncy  for 
tho  curves  to  oomo  vory  cloao  together  c  t  high  prossuros  and  peno* 
tratlons,  so  that  It  has  hoon  neoessary  to  ohango  the  spacing  of  tho 
ourvos  from  5  units  to  10,  and  finally  to  50.  This  can  bo  eliminated, 
and  the  equivalent  roles  of  tho  pressure  and  tho  penetration  can  best 
bo  shown  by  drawing  lines  of  constant  density  uS  in  Figure  7.  This 
graph  muicos  very  clear  the  fact  thc.t  tnore  are  many  couMnatlons  of 
prossuro  and  penetration  wnich  will  loud  to  tho  same  resulting  den¬ 
sity.  ..t  t  .e  lower  pressures  and  penetrations  the  curvas  are 
particularly  simple,  being  practically  linear,  ..t  tho  higher  prosa- 
■ires  and  pono tratlons,-  a  limiting  density  Is  apparently  being 
approaohed;  1.636  Is  the  highest  value  th-t  has  boon  obtained  In 
this  vaouum  mold,  end  It  sooms  doubtful  If  values  ~:bovo  I.640  would 
be  obtained  without  going  to  very  much  higher  pr.^ssures,  even  though 
tho  thoorotloul  value  of  the  limiting  density  is  1.683,  assuming 
th:t  no  vmx  Is  lost  In  prossing. 

b  Ordinary  Pellots 

Fcllets  were  noxt  prossod  under  conditions  which  duplicated 
as  closely  as  possible  those  of  the  preceding  section,  except  that 
tho  explosive  was  not  ovcoUL.tod  beforo  applying  the  pressure.  Tho 
resulting  densities  are  shown  cs  a  function  of  tho  penotr^^tlon  in 
Figure  8.  whoro  the  solid  curves  are  the  ourvos  for  vacuum  prossing 
taken  from  Figure  5  for  comparison.  Tho  Irregularity  of  tho  results 
is  such  that  It  was  doomed  bost  not  to  atter.pt  to  draw  curves  through 
the  points;  the  dotted  lines  cro  merely  Intended  to  connect  tho 
points  for  a  given  pressure,  to  avoid  confusias  them.  Tho  serious 
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ro>jxpanslon  is  soon  to  be  limltod  o  :proxl£ic.toly  to  tJio  region 
bounded  by  d  r  1.60  end  P  -  30. 

It  would  appear  tlic.t  the  ro-oxpansion  effects  aro  as  great 
under  these  conditions  as  they  will  over  be,  because  the  walls  of 
this  nold  are  very  smooth,  offering  little  rosistance  to  ro-oxpan- 
sion;  the  plunger  fits  very  snugly,  offering  v^ry  small  opportunity 
for  air  to  oscapo;  and  the  Composition  a  itself  has  very  porous 
grains,  which  probably  contain  much  more  entrapped  air  than  the 
grains  of  harder  material  like  the  British  product. 

These  results  also  show  that  for  the  higher  pressures. 
Increasing  the  penetration  (by  raising  the  tonperature,  for  example) 
will  lead  to  deer  oases  in  density,  if  tlie  initial  value  of  the 
penetration  is  around  80  to  90  (seo  thu  solid  curves  of  Plgure  4) . 
but  v^lll  lead  to  inoroasos  in  density  if  the  initial  penetration  is 
woll  bolow  these  values  (such  as  is  tne  case  in  Figures  2  and  3). 

It  is  also  clear  from  these  results  that  the  irregular  parts  or  tho 
50*  curves  of  Figures  2  and  2  should  bo  confined  to  their  hlgh- 
prossure  parts. 

It  was  hoped  that  tho  re-expansion  night  be  oxprosslblo  as 
a  correction  factor,  which  would  bo  a  function  of  tho  pressure  and 
ponatratlon,  and  had  simply  to  bo  added  to  the  results  of  tho  vacuum 
pellet  curves.  In  view  of  tho  irregularity  of  tho  densities  them¬ 
selves,  when  ro-oxpansion  occurs,  it  seems  unwise  to  attempt  to  give 
quantitative  treatment  to  this  re-expansion  correction.  It  will  bo 
cloar  from  Figure  8  in  v>hat  regions  of  pressure  and  penetration  one 
may  expect  the  effect  to  bo  a  ■'-preciablo,  and  tho  approximate  extent 
of  tho  ro-oxpanslon  may  also  bo  estimated. 

0  Tho  iiffect  of  Pellet  Diameter 


To  check  tho  of feet  . of  pellet  diameter  upon  tho  density  of 
prossod  pellets,  some  two  w.nd  throe-inch  diameter  pellets  have  been 
pressed.  The  following  results  show  that  tho  density  is  apparently 
Indopondont  of  the  diameter,  but  depends  strongly  on  pellet  length; 
pressure  o.iployod  was  3000  psi. 


Dlcanotor 

Length 

B.V'ax  no. 

10  B.hax  10 

Pctrocono-C-Alox 

20*  C. 

30*C. 

20«C. 

2" 

2" 

1.495 

— — — 

1.559 

2" 

1» 

1.522 

... 

1.591 

1" 

1" 

1.538 

1.598 

1" 

1/2” 

1.542 

-  — . 

1.608 

1” 

2" 

1.499 

1.534 

1.560 

3" 

2» 

1.547 

It  is  hL.rd 

to  bo 

certain  the 

t  various  diometor  molds 

are  of  equal 
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cloaranco  (soo  soction  o.  following) ,  but  wo  feol  that  within  dl- 
aiiiator  variations  from  ono  to  throo  Inchos  there  Is  shown  no  clear 
effect  of  diosiuter  on  density.  The  effect  of  pellet  length,  on 
the  other  hand,  Is  uiiulstakablo. 

d  The  iiiffect  of  lellet  Length 

Pellets  huve  been  pressed  in  the  ono-lnch  aold  ot  var¬ 
ious  pressures  and  penetrations,  in  lengths  varying  bv^ tween  1/6" 
and  about  2";  it  is  somewhat  more  convenient  in  practice  to  vary 
tno  weight  of  explosive  pressed,  than  to  vary  the  length  of  the 
pullet.  The  results  for  ono-lnch  pellets  may  bo  expressed  ns 
follows: 

(a)  For  pellets  smaller  than  10  g.,  the  density  begins 
to  decrease  with  decreasing  pellot  weight;  this 
fact  is  of  no  special  praotl''.al  interest,  because 
such  thin  pellets  would  surely  never  bo  pressed  in 
practice . 

(b)  The  overall  density  for  laigor  pellets  may  bo  con¬ 
sidered  as  essentially  those  given  in  Figure  6  for 
pellets  between  10  and  15  grams. 


(o) 


Approxim-to  VC lues  for  the  overall  pellet  densities 
of  pellets  largwr  than  15  g.  may  also  be  determined 
from  the  curves  of  Figure  6.  by  using  instead  of 
the  actual  press  pressure  an  off active  pressure  p*, 
given  for  u  ono-inch  pellet  of  mass  m  by: 


P’ 


-0.0135  (m  -  15) 


p  e 


Because  of  the  diameter  indopendenco  of  pollct  density,  tho  abovo 
atatomv.nts  also  hold  for  any  cylindrical  mold  of  diaaetor  0, 
inches,  if  thw  values  of  m  ._re  replaced  by  m/D^  in  tho  equation, 
and  10D2  and  15D2  g.  replace  10  .nd  15  g.  in  the  SoctionB(6^  end 
above. 

It  should  bo  noted  that  those  simple  relations  hold  only  in  tho 
absence  of  ro-expension,  and  the  calculatod  densities  are  to  bo 
considered  uS  upper  limits  under  conditions  wh^re  this  phenom¬ 
enon  is  to  Do  expected. 

Tho  approximate  "effective  pressure"  formula  of  section  (c)  abovo 
implios  that  vjhon  pallets  aro  longer  than  .bout  3/4" ,  the  averago 
effective  pressure  begins  to  dv^clinu  with  increasing  length. 

V^hon  working  with  gage  prv-ssuro — penetration  combinations  well 
above  tho  knee  of  the  preasuro-density  curves,  this  decline  in 
effective  pressure  will  not  bw  reflected  so  readily  in  density 
decline  as  whun  one  is  working  below  tiiw  knee. 
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o  Th<>  jjffuct  of  Plun>--.>jr  Cloarjinoo 

when  polluts  lire  pressed  In  xaolds  other  then  the  ono 
with  which  the  data  of  figuros  5.  6,  2  8  wore  obtained,  a 

tondoncy  to  give  densities  higher  ^han  those  predicted  from  those 
curves  v«as  noted*  It  is  felt  th'.t  this  is  the  result  of  the  fact 
that  the  plunger  of  the  vacuum  mold  Vvus  moro  tightly  fitted  than 
the  plungers  of  molds  not  designed  for  ovocuatlon.  The  data  with 
a  given  mold  may  be  brought  into  agreement  with  the  data  of  tho 
abovo-montioned  curves  if  the  pressing  pressures  are  multiplied 
by  a  constant  factor,  charcotoristic  of  tho  mold;  this  factor  may 
bo  readily  determined  by  pressing  a  few  pellets,  under  conditions 
of  known  penetration,  in  the  mold. 

f  Tho  Jffect  of  Time  of  f'rosslng 

There  has  been  no  systematic  study  of  pellets  pressed 
for  differing  lengths  of  time;  all  the  work  cited  employed  ono 
minute  application  of  the  prossuro.  It  is  known  that  10  g. 
pellets  pressed  for  10-soc.  h.^ve  somewhat,  lovver  densities  than 
tho  one-minute  pellets,  and  that  times  in  excess  of  one  minute 
will  increase  the  donsity  of  pellv^ts^  especially  the  longer 
pellets.  It  is  bolievod  that  tho  results  for'  times  other  than 
ono  minute  would  probably  bo  brought  into  correlation  with  tho 
ono-minuto  data  by  finding  a  multiplicative  factor  for  each 
timo  (unity  for  ono  min.)  which  would  relate  the  press  pressure 
and  the  effective  pressure  to  be  Used  in  connection  with  curves 
such  as  those  of  Figuro  6t 

g  Tho  jiiffoot  of  Grain  Size  of  jilxplosivo 

experiments  were  made  on  tho  pressing  of  British  Compos¬ 
ition  A  of  varying  grr-.in-sizos,  at  20®  and  6000  Ib/in^,  Unmillod 
particles  of  tho  material,  of  size  about  3/l6"D,  and  also  mater¬ 
ial  crushed  in  tho  mill  and  screonod  wore  used.  Tho  results  wore: 


Unmillod  1.622 
on  Tyler  >,10  1.623 
On  Tyler  i/35,  through  #20  l,6l8 
On  U.3.  #100,  through 

Tyler  #35  1.619 
Through  U.3.  #100  1.605 


The  only  sample  which  shows  a  significantly  largo  drop  in  donsity 
is  tho  fine  sample,  and  this  may  h 'Vw  contained  uncoatod  HlX.. 

h  The  Effect  of  Consistency  of  tho  Jixplosivo  Grains 

As  mentioned  previously,  the  grains  of  British  Compos¬ 
ition  are  more  compact  and  harder  than  ths^  grains  of  nats^rial 
prepared  in  our  l;.borutory.  Tho  only  result  of  this  difference 
that  have  bv^on  ;  ble  to  observe  surely  is  that  the  densities 
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docroaso  uora  rapidly  for  lovi  pressures  \vith  the  hard  laatorlal 
than  with  the  soft,  but  ovon.this  of foot  is  snail  undor  condi¬ 
tions  of  prossuro  and  tonporaturo  which  yield  donsitlos  <.bovo 
1.50«  so  its  practical  importanco  is  nogllslblo.  It  was  thought 
that  thu  harder  and  norc  compact  grains  might  causo  loss  of  tho 
ra-oxpansion  trouble  than  tho  soft or,  more  open  grains,  but  thoro 
sooms  to  bo  actually  no  concroto  ovldunco  for  this  bollof . 

i  Tho  Variation  of  Density  \Jithin  a  Pollot 

Up  to  this  point  wo  have  concornod  oursolvas  completely 
with  tho  overall  donsitlos  of  pellets;  let  us  now  consider  tho 
variation  of  density  along  tho  length  of  cylindrical  pellets, 

Tho  consistency  of  the  pressed  material  is  such  that  pollots  can¬ 
not  be  neatly  sectioned,  so  charges  wore  made  up  in  ton-gram 
increments,  hand-pressed  into  tho  mold  with  a  circular  tin-foil 
separating  diaphragm  between  each  Increment.  Tho  entire  charge 
was  then  pressed,  and  when  removed  from  the  mold,  could  bo  sep¬ 
arated  into  ton-gram  sections.  These  suctions  did  not  have 
plane  faces,  oxcept  where  they  vjero  in  contact  with  the  plungers, 
so  their  volumes  were  determined  by  placing  them  in  a  container 
of  knovm  volume,  and  filling  the  container  with  methanol  from  a 
buret.  Tho  pellets  wore  lightly  coated  with  vaseline  to  avoid 
absorption  of  the  liquid.  Tho  dunslties  of  such  sections,  as  a 
function  of  their  ..vorage  distance,  in  cm.,  from  tho  moving 
plunger,  are  shown  in  Figure  9.  for  various  prossuro-ponotra- 
tion  combinations.  It  is  'interesting  to  observe  that  for  higher 
densities  pressure-penetration  combinations  iving  the  some 
overall  density  give  also  the  same  depondanco  of  density  upon 
length.  Since  these  combinations  lie  in  the  linear  portions  of 
tho  curves  of  Figure  6.  and  since  tho  curves  of  Figure  9  are 
also  essentially  linear ,  tho  results  mean  that  the  off ectivo 
pressure  within  the  mold  is  an  exponentially  decreasing  func-- 
tlonof  tho  distance  from  tho  moving  plunger,  in  tho  first  approx¬ 
imation. 

To  dutormine  radial  variations  in  density  of  pressed  Composition 
A  pellets,  2"  diameter  1”  high  pellets  of  Composition  a  made 
with  Brucoton  Wax  No.  10  wore  pressed  to  high  density,  and  holes 
bored  in  them.  Tho  results  follow: 


^.v.  Density  of 
Original  Pollot 

Size  of 

Hole  Bored 

Av.  Density 
of  Bored  Pellet 

Change  in 

Av.  Density 

1.6105 

1/2'* 

1.6088 

-.0017 

1.6109 

3/4" 

1.6079 

-.0030 

1.6189 

!•' 

1.6144 

-.0045 

-21- 


COHFIDFNTIAL 


Flgur*  9.  ATvrag*  Density  of  Follot  Sections  as  a  Wmetlon 
of  Moan  Dlstanoo  froa  Moring  FLungor. 
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In  prosslng  largo  charges  ot  Composition  somo  difficulty 
might  hu  oncountorod  in  the  effect  of  the  way  the  powdor  is 
spread  out  in  the  mold  before  pressing.  To  determine  the 
effect  of  non-uniform  distribution  of  Composition  ji,  before 
presslngi  a  2"  pellet  was  pressed,  with  the  mold  lying  on 
Its  side.  The  weighed  amount  of  Composition  A  made  with 
Bruceton  \:ax  No.  10  was  put  into  the  2"  mold,  and  the  plung¬ 
er  put  in  until  it  Just  touched  the  surface  of  the  powdor. 
Knowing  the  lon'jth  of  mold  and  plunger,  the  volume  of  un- 
pressod  powdor  was  determined.  The  pl'mgor  was  then  pulled 
up  far  enough  out  of  the  mold  to  give  an  equal  free  volume. 
The  mold  was  then  turned  on  its  side  so  that  the  powdor 
could  flow  down,  and  concentrate  on  one  sido  of  the  mold. 

Tvio  pellets  wore  pressed  this  way.  The  bottom  side  of  the 
pellet  was  narked  after  prosslng.  The  ovoiall  densities  of 
the  pellets  were  measured,  and  then  the  pellets  wore  cut  in 
half,  separating  the  top  and  bottom  suctions.  Both  sections 
wore  sanded  down,  measured  goomotrlcally  and  their  densities 
dotorninod.  With  the  following  results: 


5.000  psl. 

10.000  DSl. 

Overall  density 

1.5570 

1.6107 

Density  of  top  half 

1.5539 

1.5988 

Density  of  bottom  half 

1.5525 

1.6092 

In  neither  case  does  there  appear  to  bo  a  significant  density 
difference  between  the  two  halves,  thoui^h  the  irregularity  in 
powdor  distribution  was  great. 

(a)  Shell  Loading  with  Composition  A 

a  Loading  Liothod 

The  base  of  a  37  mn.  1163  "boll  was  provided  with 
an  adaptor  to  hold  a  O.C82"D  plunger;  .  support. fdr  the  nose 
to  hold  the  assembly  upright  in  tho  vortical  press,  and  an 
electrically  heated  water  bath  to  control  the  temperature 
coiuplotod  the  loading  equipment,  lixploslvc  was  loaded  into 
the  sholl-adapter  assembly,  tho  unit  was  brou^'^ht  slowly  up 
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to  tho  dcslrod  touporaturo,  iiold  thoro  for  15  ulautos,  and 
thoh  prossod  for  one  jalnuto.  Tho  oxploslvo  was  loaded  In 
two  and, throe  Inoromcnts,  and  at  various  prossuros  and 
toaporatures. 

The  weight  of  tho  inoronent  w^s  detcrnlnod  by  weighing  tho 
shell  before  and  after  tho  addition;  the  volume  was  meas¬ 
ured  by  detv^rmlnlng  the  froe  volume  with  methanol  added 
from  a  burot,  and  subtracting  this  from  the  total  volujiio  of 
tho  cavity. ,  Shell  fillings  were  also  pressed  In  which  the 
last  Increment  was  pressed  with  a  plunger  tipped  with  a 
boostor-oavlty  former;  the  booster  cavities  formed  In  this 
way  wore  strikingly  sharp  and  clean,  and  tho  uso  of  such  a 
tip  for  tho  last  increment  has  no  bad  effect  on  tho  overall 
density. 

Unfortunately,  the  sizes  of  tho  Increments  wore  not  always 
kept  quite  constant,  so  that  It  Is  not  easy  to  discuss  tho 
densities  of  tho  various  Increments  separately,  as  would 
bo  ozpoctod,  the  densities  of  the  Increments  pressed  la  tho 
ogival  portion  of  tho  cavity  v^re  abnormally  low,  and  the 
densities  of  tho  increments  pressed  In  the  cylindrical  por¬ 
tion  of  the  cavity  are  about  normal.  Thoro  seems  to  bo  loss 
tendency  for  tho  filler  to  re-oxpand  in  th-  shells  th-.n  in 
tho  smooth  cylinder  .olds,  and  above  the  melting-point  of 
tho  wax  Its  tendency  to  exude  during  pressing  seems  also  to 
bo  less. 


b  Interpretation  of  Results 

Tho  overall  density  of  tho  filling  of  a  shell 
nay  bo  predicted  at  any  press  pressure  and  penetration,  for 
any  given  number  and  weight  of  Increments,  If  the  overall 
density  Is  known  for  this  pressing  schedule  at  one  pressure 
and  penetration,  or,  oottor,  if  it  is  known  for  few  com¬ 
binations  of  pressure  .nd  penetration.  This  correlation 
gain  oiiploys  Jlguro  6.  and  is  certainly  approximately  cor¬ 
rect.  h  suell  Is  pressed  at  a  definite  press  pressure  p  nnd 
a  definite  penetration  P,  according  to  a" fixed  schedule — 
numbwT  ind  i^elght  of  inoroments,  time,  etc  .—yielding  an 
overall  density  d.  Heforonoo  is  then  made  to  glguro  6.  and 
the  pressure  p’  corresponding  to  tho  density  d  and  tho  pene¬ 
tration  P  is  determined.  The  ratio  p’/P»  which  will  in 
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general  be  less  than  unity  Is  a  constant  cheraotcrlstlo  of 
tho  pressing  schedule  and  tho  shape  of  the  shell  cavity. 

Tho  value  of  this  constant  for  tho  37  cm.  shell,  loaded 
vdth  a  Urst  Increment  of  29  g*,  pressed  one  minute  with  a 
flot  plunger  and  a  second  Increment  of  20  g.,  pressed  for 
one  minute  with  tho  tipped  plunger,  Is  0.580.  For  tho  same 
shell  loaded  with  a  first  Increment  of  16-1/2  g.,  a  second 
Increment  of  the  some  size,  each  pressed  for  one  minute  V7lth 
a  flat  plunger,  end  a  third  Increment  of  17  g.  pressed  for 
one  minute  \/lth  the  tipped  plunger,  the  value  of  the  constant 
Is  0.760.  The  value  of  this  constant  could  be  further  In¬ 
creased  by  Increasing  the  number  of  Increments,  or  by  In¬ 
creasing  the  time  of  pressing  each  Increment,  but  It  can 
probably  not  bo  made  as  greet  as  unity. 

Unfortunately,  much  of  the  shell  pressing  was  done  early  In 
the  course  of  this  study,  at  temperatures  outside  the  range 
In  which  tho  penetrations  have  boon  measured;  accordingly, 
there  Is  not  abundant  evidence  to  supr:)rt  tho  statements  of 
tho  above  paragraph  In  a  striking  fashion.  The  curves  of 
Figure  10  represent  tho  overall  densities  for  two-lnoremont 
pressings  at  various  temperatures  and  pressures.  Beside  tho 
scale  of  p,  the  scale  of  p*  Is  also  shown,  and  the  solid 
curves  Joining  the  experimental  points  arc  members  of  tho 
family  of  Figure  6,  on  tho  p*  scale. 

Some  shell  pressing  has  also  boon  done  at  10  sec..  Instead 
of  our  regular  time  of  one.  minute,  and  lower  densities  hove 
been  found;  a  slight  Increase  In  the  pressure  would,  however, 
bo  enough  to  bring  them  up  to  the  one-mlnuto  values. 

(5)  Effects  of  Rolling  on  Pressing  Characteristics 

These  studios  were  all  made  vd.th  samples  of  Composition  A, 
and  no  detailed  comparisons  of  the  pressing  properties  of 
Composition  A  and  Composition  A-3  hove  been  made.  A  good 
mony  samplus  of  the  latter  have  been  pressed  from  time  to  time, 
and  It  Is  our  belief  that  although  slightly  loirer  densities  are 
obtained  with  unrolled  products,  the  general  relations  are 
not  much  altered  so  long  as  the  lUI  is  well  coated.  Poorly 
coated  unrolled  products,  hovfcvcr,  give  abnormally  low 
densities  and  very  iroak  pellets. 
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Ilw  10.  Ovorall  Dansily  of  Sholl-Lood  aa  a  Fuaotloa  of 
Proas  Arossuro  (p),  aad  Kffoetloo  Frassuro  (p*)« 
for  IWo-IaoroBont  Aroasins  at  Okio  Minuto  Hold* 


It  hus  buon  noticed  both  in  N^vy  Sholl  loading  and  also 
in  tho  l-bor-tory  (particularly  with  tho  3tokos  pollot-pross) 
that,  especially  during  warm  viaatiiur,  haro  is  a  toudoncy 
for  Composition  n.  to  stick  to  dies,  mold-walls,  ..nd  booster- 
formers.  This  tondoncy  is  rol  ted  to  the  stickiness  and  to 
the  softness  of  tho  v;ax,  h'o  thorough  study  hr.s  boon  made  of 
this  matter,  but  it  suggests  the  valuo  of  choosing  for  Com¬ 
position  A  ;,axcs  which  are  not  sticky,  nd  which  h:  vo  rr.thor 
low  penotr  .tiona.  :llox-600  increases  the  penetration  :  nd 
stickiness  of  waxes;  -.ccordiagly ,  it  seems  wise  to  reduce  tho 
Alox  content,  which  \-a3  chosen  originally  ;,s  10''-  in  a  com¬ 
pletely  arbitrary  mamior,  to  the  lowest  lovol  which  gives 
suitable  coitting  properties;  one  percent  seems  adequate.  Tho 
wet  coating  of  Composition  A  with  graphite  night  also  re¬ 
duce  stickiness. 
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4*  Explosive  Properties  of  Ooiapoaitlon  A 

(1)  Sensitivity 

ft*  Effects  of  the  Properties  of  the  WsjC  on  Sensitivity 

Early  investigations  of  waxes  as  substitutes  for  beeswax  In 
Composition  A,  in  which  the  relatively  irre producible  Type  4 
Impact  Ilachine  was  mainly  employed  as  the  method  for  assessing 
degree  of  desensltlzation,  created  the  impression  that  of  a 
series  of  pe troleiim-base  waxes  of  similar  physical  properties, 
some  were,  r^hlle  some  were  not  good  desensitizers.  It  is 
probably  not  unfair  to  state  that  the  ten  weuces  recommended  in 
OSRD  Report  No.  313  were  chosen  from  many  studied  in  large  part 
because  they  were  believed  to  be  particularly  effective 
desensitizers .  VJe  nov/  largely  reject  this  concept  of  specifically 
high  desensitizing  ability,  unrelated  to  gross  physical  propertlaa 
and  feel  that  any  v/ax  having  a  penetration  suited  to  pressing 
operations,  proper  stability  characteristics  when  mixed  v/lth 
RDX,  and  the  ability  to  coat  well  from  water  will  also  be  a 
sultaole  desensitizer.  Subtle  differences  in  desensitizing  action 
may  yet  exist  among  waxes  of  similar  apparent  physical  properties; 
such  differences  are  precisely  the  ones  which  are  very  difl'icult 
to  assess  with  certainty^/*  At  least  it  seems  unwise  to 
conclude  that  a  certain  wax  is  highly  superior  to  other 
similar  ones  unless  this  can  oe  demonstrated  by  a  number  of 
different  sensitivity  tests  -  in  other  words,  the  basic 
assumption  that  waxes  are  alike  in  this  respect  seems  to  us 
more  reasonable  and  more  fruitful  than  the  opposite  assumption 
that  their  desensitizing  abilities  may  vary  capriciously* 

Examples  of  impact  and  bullet-test  results  of  Composition  A 
samples  made  with  various  waxes  of  suitable  penetration  and 
under  circumstances  in  which  good  covering  of  the  RDX  was 
achieved  are  given  below; 


See  Picatlnny  Arsenal  Technical  Report  No.  1489,  for 
relative  desensitizing  action  of  two  waxes  on  PBTN* 
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Wax 


Prop-Weight  Impact  Tests  “Composition  A 


10/ 


30^  Pt(cm);  Type  4  Index;  Type  6 


Beeswax 

og 

at 

100 

87 

Bruce ton  Wax  No. 

10 

28g 

at 

100 

87 

Petrocene  C  -  Alox  600 

0% 

at 

100  • 

121 

GPD-702-C'iJ-  -  Alox 

600 

Og 

94 

90 

Gulf  Petrowax  B  - 

Alox 

600 

at 

100 

109 

Gulf  Petrowax  A  - 

Alox 

600 

20g 

at 

100 

107 

Cerese  V/ax  Brown 

-  Alox  600 

98 

115 

Product  230CH:- 

33g 

at 

100 

107 

Product  SOOOiMt 

59? 

at 

100 

TNT  (control) 

Og 

at 

100 

102 

Socony-Vacuxan 

Oil  Co. 

iHDt  Moore  and  Mtuiger 


Drop-Weight  Impact  Testa -Composition  A-5 

Wax  509?  Pt(cni);  Type  12 

Beeswax  73 

Bruce ton  Wax  No«  10  75 

Petrowax  A  -  Alox  600  69 

Beeswax  (British  Rolled  Baiqple)  70 


12/ 
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Bullet  Testa  -  Conp»  A 


density  1.0  in  1"  p.n 

.  Cal.  0.30 

Ball 

USS. 

No.  Trials 

Result 

Beeswax 

5 

5  inert 

Bruce  ton  Wax  No.  10 

14 

14  Inert 

Victory  Wax  -  Alox  600 

10 

10  Inert 

Petrocene  C  -  Alox  600 

5 

5  inert 

Petrowax  A  -  Alox  600 

4 

4  inert 

Barnsdall  Special  Wax,  Amber-Alox  600 

4 

4  inert 

Esso  Deoiled  Petrolatijm  -  Alox  600 

4 

4  inert 

Paraffin  -  Alox  600 

4 

4  inert 

Petrocene  C  Lanolin 

5 

5  inert 

Petrowax  A  -  Lanolin  ■ 

6 

5  inert 

Standard  Refined  Wax  -  Alox  600 

10 

10  inert 

Stanolind  160/65  -  Alox  600 

10 

10  inert 

TNT  (control) 

15 

10  inert 

5  date- 

nations 

Test  results  of  this  sort  have  caused  us  tentatively  to  accept 
the  notion  that  If  a  wax  is  otherwise  suitable  for  Composition  A«  > 
Its  desensitizing  action  will  oe  adequate. 

Comparison  with  other  Explosives  ^ 

Composition  A  Is  rather  unlike  such  materials  as  TNT  and  ! 

Ammonium  Flora te,  both  In  physical  properties  and  also  In  being 
composed  of  a  large  amount  of  sensitive  material  plus  a  relatively 
small  amount  of  desensltlzer •  These  differences  make  It  hard  to 
obtain  unique  sensitivity  ordex'ings  for  Composition  A  and  such 
other  explosives  under  varied  conditions  of  Impact. 

(a)  Drop-ftelght  Impact  Teats  I 

There  are  now  availaole,  in  the  preliminary  results  of  the  U*S.  j 
Navy  Comparison  Series  of  Impact  Tests,  test-results  for  a 
uniform  sample  of  Composition  A-3  tested  by  several  laboratories 
on  machines  of  their  own  designs.  These  results,  and  several 
others  from  ERL  machines  are  presented  in  the  following  taole;  j 
for  each  machine  the  relative  50‘i  Points  (TNT  =  100)  are  given:  j 
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I'achine 

iixploslve  duFonty  N.P.P.«  Hercules  N.R*C* 
Cup.  'tTPe  5  Canada 


HIHL 

Type 

12 


ERL 

Type 

7 


ERL 

Type 

9 


Average 


Anmonlum 


Picrate 

98 

47 

65 

100 

144 

187 

147 

113 

Comp.  A 

86 

83 

54 

293 

44 

97 

91 

107 

TNT 

100 

100 

100 

100 

100 

100 

100 

Te  tryl 

65 

28 

42 

37 

22 

62 

60 

‘frNaval  Powder  Factory,  Indian  Head,  Md. 


These  average  values  will  not  be  greatly  changed  by  omitting  any 
one  result,  except  that  of  the  HlC,  Canada,  which  gives  so  high  a 
value  for  Composition  A.  Omitting  this  se*^,  the  order  beopMS: 


Ammonium  Picrate 

-  115 

TIJT 

-  loo 

Composition  A 

-  ‘  75 

Te  tryl 

-  40 

It  see;is  fair  to  conclude  generally  from  these  tests  that  Composition 
A  is  on  the  average  more  sensitive  than  Ammonium  Picrata  aiid  less 
sensitive  than  Tetryl.  Under  most  conditions  it  seems  some./hat 
more  seixsitive  than  TNT,  but  at  least  xmder  the  condition  of  impact 
obtaining  in  the  Canadian  Ilachine  it  may  behave  less  sensitively 
than  T*-TT. 

(b )  Bullet  Impact  Tests 

Tested  at  density  1.0  in  1"  pipe-nipples,  with  Cal.  0*30,  Ball, 

'  M2  amraunition.  Composition  A  compares  with  TNT  and  Aninonlum  Picrate 
in  the  following  way; 


Explosive 

No.  Trials 

^  Inert 

9*  High  Order  Det* 

Ammoni\im  Picrate 

11 

100 

0 

Composition  A 

59 

100 

0 

TNT 

15 

67 

33 

Under  these  circumstances  also,  as  in  the  NRC,  Canada,  drop-v/eight 
test.  Composition  A  is  less  sensitive  than  TNT.  The  test  does  not 
make  any  differentiation  between  Composition  A  and  Ammonium  Picrate. 


29 


C0NFID.:!1^TIAL 


CONPIDi!NTL\L 


(c)  Booster  Sensitivity  Teat 

The  booster  sensitivity  testi^  gives  the  following  results  and 
order  of  increasing  sensitivity  for  pressed  charges  at  density  l«6t 


Explosive 

iUdjinonivim  Ficrate 
Composition  A 
THT 

Tetryl 


Limiting  Boosters* 

5//20+2 
20+2/715+2 
15+2//! 0+2 
5+2//20+3 


*Tae  notation  5//20+2  means,  for  example,  that  the 
explosive  detonated  witn  a  5  g.  Tetryl  booster,  but 
failed  vrith  a  20  g«  Tetr/l  booster  separated  from  the 
charge  by  2  cm*  of  Aerawax  B* 

Pn  thq  othar..hand»  TNT  pellets  of  density  1*6  were  not  detonated 
by  a  duPont  No*  8  Tetryl -base  detonator  set  with  base  flush  v/ith 
the  pellet  surface,  while  under  similar  circumstances  Composition  A 
pellets  often  detonated*  It  is  felt  that  Conposltlon  A,  v/lth  its 
highly  sensitive  HDX  crystals,  might  v/ell  be  more  sensitive  than 
TNT  to  the  attack  of  this  detonator,  which  is  a  small  shaped  charge, 
whereas  it  is  lass  sensitive  to  the  attack  of  the  members  of  the 
graded  booster  series,  which  throw  no  small,  fast  metal  particles* 

(d)  Large  Scale  Results 

Plate-tests  of  Composition  A-3  loaded  A*F*  shell  have  been  made 
the  U*S.  Navy*  The  details  of  these  testa  are  not  known  to  us, 
but  it  has  been  reported  that  v/hereas  the  3”  shell,  so  loaded, 
passed  the  plate-tests,  the  6"  shell  failed*  These  results  show 
that  Composition  A  is  more  sensitive  than  Ammonium  Ficrate  under 
these  conditions.  Mass  detonation  (sympdthstlc  detonation)  trials 
with  the  Composition  A-3  loaded  5''-38  A*A*  shell  show  that  such 
shell  detonate  en  masse  under  circumstances  under  which  the  same 
shell  loaded  with  Ammonium  Picrato  do  not*  This  result  is  to  be 
related  not  only  to  the  apparently  higher  booster-sensitivity  of 
Composition  A-3,  but  also  to  tlie  higher  performance  of  the 
explosive,  which  provides  much  jiuater  Impulse  to  mass  detonation* 
Comparisons  with  TNT  are  hard  to  make,  because  it  is  usually  cast- 
loaded  in  such  shell,  and  in  order  to  draw  conclusions  from  full- 
scale  trials  v/hich  should  be  o::pected  to  correlate  v/ith  small-scale 
ones,  one  must  make  allowances  for  this  difference  in  loading;  how 

ln.jift.tM.1.  tp.  aaKfl  auQh  allofffthp^a  la  noL..nQm.  knawn> _ _ 

ii/ 

See  OSBD  No*  5746  for  details* 
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(e )  Concluslona 

Tho  various  tests  which  have  ooen  cited  make  It  fairly  clear  that 
In  general  Composition  A  is  a  dofinltely  more  sensitive  explosive 
than  Aniaoni\jm  Picrate,  but  is  dofinltely  more  insensitive  than 
Tetryl.  It  differs  basically  from  pure-compound  explosives,  however, 
as  a  consequence  of  which  (at  least  in  part)  it  displays  under 
certain  conditions  greater,  and  undor  otho1^  conditions  less 
sensitivity  than  TNT* 

( 2 )  Performance 

Although  Composition  A  is  in  roughly  the  same  sensitivity  class  as 
TNT,  and  greatly  loss  sensitive  than  Tetryl,  it  outperforms  them 
both  in  all  small-scale  tests  we  have  made*  The  following ^are 
representative  VQluc8/o£.our  laboretory^fieasuieof  performance^^. 


Explosive  Ballistic 

Mortar 
(T.V.) 

Relative 
Brisance 
dens.  (T*V*) 

Relative 
Fragment  Vel. 
dons*  (T*V.} 

Velocity  of 
Detonation 
dons  •  V  (m/aeo 

Ammonlvun  P  Icr ate 

99 

mam 

it 

MM 

mm 

1.55 

7050 

TNT 

100 

1.602 

100 

•  1*580 

100 

1.60 

6850 

Composition  A 

135 

1*611 

126. 

1.608 

108 

1.60 

C200 

Te  tryl 

130 

1*532 

115 

m  m 

mm 

1.55 

7375 

#Thls  value 

is  not 

kno>/n. 

but  the 

value  100 

has  been  obtained 

for  Flcratol,  52/48;  hence  tho  value  for  Ammonium  Picrate 
at  high  density  must  be  near  100  also* 

Brisance  as  measured  by  the  elato-denting  test,  tho  fragment 
velocities,  and  the  rate  of  detonation  all  depend  upon  ounslty. 

In  the  previous  table  wo  cite  the  densities  at  which  these  data 
were  determined*  With  respect  to  TNT,  the  two  explosives  ^umaonlum 
Picrato  and  Composition  A  (each  suitable  only  for  pro ss -loading } 
occupy  complomontary,  not  similar,  positions*  Ammonium  Picrato  is 
similar  to  TI7T  in  performance,  but  exceeds  it  in  insuns Itivlty; 
Composition  A  is  similar  to  TNT  in  sensitivity,  but  exceeds  it 
in  performance.  Ccaaposltlon  A  displays  both  higher  performance 
and  greater  insensitivity  than  Tetryl. 


IS/ 

Sou  OSRD  Report  No*  5746  Tor  further  details  of  these  tests. 
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45*  Staolllty  of  Compoaition  A 
(1)  Chomical  Stability 

All  sjriously-consldarejd  oxpariiiiuntal  Composition  A  samples  havo 
been  subjected  to  routine  135oC  Thermal  Stability  and  120oC  Vacuum 
Stability  Tests.  No  samples  havo  boon  acid  within  300  minutes 
in  the  former.  All  samples  made  with  po troloum-baso  waxes 
havo  sho'.m  very  satisfactory  Vacuum  Stability  at  120oC;  as 
roraarkod  in  OSRD  Report  No.  31o,  p.  11,  most  samples  display  a 
Vacuum  Stability  about  that  of  pure  RDX.  Synthetic  waxes  do  not, 
howovor,  have  tho  chemical  unii'ormity  of  potroloum  waxes;  some 
do  and  soxio  do  not  form  as  stable  mixtures  with  RDX  as  the 
petroloum  waxos.  Typical  results  are  the  following: 

Vacuum  Stability  Tests;  Composition  A 

c.c.  gas  evolved  at  120oC 

Wax  90  minutes  48  hours 


Petroleum  Waxes 


Victory  V/ax 

0.28 

0.48 

Stanolind  170/75-Alox  (lOjg) 

0.52 

0.30 

0.78 

0.87 

0.51 

0.58 

Black  Aristowax-Alox  (10^) 

0.32 

0.70 

0.54 

0.73 

Aristov/ax-Alox  (Br.  V^ax  No.  10) 

0.09 

1.05 

Ari a towax -Lanolin  i'lOfo) 

0.14 

1.03 

0.48 

0.65 

0.45 

0.S7 

Synthetic  Waxes 

Olyco  7ax  A  -  Alox  {!%) 

0.57 

0.70 

.  0.70 

0.80 

^TL/co  ./ax  A  +  5?o  Stearamlde^-Alox 

(10?i)  0.61 
0.65 

0.74 

0.88 

Acrawax  3  -  Alox  (15^)« 

0.85 

9.40 

0.93 

over  12 

Carbowax  6000 

4.18 

over  12 

• 

4.17 

<24  hours 

« 

at  lOOoC 

Careowax  6000 

2.28 

8.35 

2.30 

over  12 

<Ht  has  already  been  pointed  out  in  Picatinny  Arsonal  Technical 
Report  No.  1407  (Jan.  1945}  that  the  Acre  axos  are  incompatible 
with  RDX. 
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(2)  Corrosion 

Corrosion  tests  (compatibility  tests  with  brass  and  steel 
in  a  hximid  atmosphere)  of  Composition  A  were  reported  in 
03RD  Report  No.  397,  No  others  have  been  made.  It  has 
been  observed  that  stearic  acid,  as  an  additive  to  waxes, 
reacts  with  brass  and  colors  the  explosive  green.  Beeswax 
does  this  also  without  additives, 

(3 )  Exudation 

One  of  the  more  difficult  properties  of  an  RDX-wax  mixture 
to  measure  and  interpret  is  its  behavior  on  hot  storage, 
its  so-called  exudation.  The  numerical  values  obtained  for 
percent  of  wax  lost  after  varying  periods  of  storage  at  any 
given  temperature  have  only  relative  significance,  being 
used  merely  to  determine  tie  relative  merit  of  the  waxes 
tested.  It  is  not  kno\m  tnab  oven  waxes  which  appear,  by 
such  comparison,  to  be  very  poor  in  the  laboratory  will  not 
bo  satisfactory  when  loaded  into  an  ac+'ual  munition,  since 
no  full  scale  test  has  aver  boon  run.  It  is  believed, 
however,  that  loss  of  low  melting  wax  or  oil  at  elevated 
temperatures  might  have  serious  results,  '^'/hile  it  is  doubt¬ 
ful  whether  any  of  tho  v/ax  ca.n  leak  out  of  the  loaded  shell, 
it  is  possible,  since  some  voids  exist  oven  in  a  fairly 
good  pressed  load,  that  tho  v/ax  or  some  part  of  tho  wax  may 
rlov;  away  from  some  of  the  OX  leaving  one  or  more  areas 
in  the  mess  of  explosive  with  loss  than  tho  amount  of  v/ax 
nocossary  for  adequate  des jnsitization.  Such  high  RDX-low 
wax  areas  would  bo  more  sensitive,  and  might  cause  premature 
detonation  of  the  shell. 

Aside  from  considerations  of  effectiveness  in  desensitizing, 
tho  selection,  in  1942,  of  ieeswax  substitutes  from  tho  many 
available  petroleum  waxes  was  based  mainly  on  the  exudation 
results  (ObRD  Report  No,  397),  Since  that  time,  the  object 
of  such  exudation  investigations  at  this  laboratory  have 
boon  to  find  the  best  possible  v/ax  from  tho  standpoint  of 
exudation,  rather  than  one  v/hich  \/ill  merely  match  Beeswax, 
All  of  tho  original  exudation  tests  as  described  in  OSRD 
Report  397  v/ore  done  at  SQoC  ..ith  5  g  samples  enclosed  in 
glass  weighing  bottles.  Since  that  time,  it  has  boon  found 
convenient  to  use  10  g  sample,  1'*  in  diameter,  and  since  no 
difference  was  observed  whether  tho  sample  was  enclosed 
in  a  Weighing  bottle  or  not,  all  samples  wore  stored  in 
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tho  opjn.  lloreover,  oxporionce  in  tropical  storage  of 
munitions  has  lod  to  interest  in  behavior  at  hij^har 
tompji’t  tvires  j  60oC  has  been  suri  ested  as  a  standard  test- 
teinperaturo ,  and  is  now  so  used  by  us. 

a.  Procedure 

10  g  of  Composition  A  are  pressed  in  a  1**  mold  at  10,000 
psi.  The  end  of  the  resulting  pellet  which  was  next  to  tho 
moving  plunger  la  sanded  until  it  is  perfectly  flat.  Tho 
pellet  is  weighed,  and  then  with  tho  smoothed  surface  down, 
is  placed  on  10  pieces  of  filter  paper  1-1/2''  in  diameter. 

A  75  g  brass  v/.jight,  1”  in  diameter,  is  placed  on  top  to 
insure  good  contact  between  the  pellet  and  paper.  The  whole 
assembly  is  then  placed  on  a  wire  screen  and  stored  in  a 
forced-draft  oven  at  60oC.  The  pellet  is  removed  and 
Weighed  after  3  days,  1  week,  2  weeks,  5  weeks  and  12  weoks. 
Tho  results  are  expressed  as  purcont  of  wax  lost. 

b.  Results 

Recent  exudation  studios  have  revealed  two  very  import: ant 
facta:  (a)  decreasing  the  Alox  content  from  lOji^  to  1% 
cuts  the  exudation;  (b)  tho  nristowax  160/65  nov/  being 
produced  is  considerably  i.if>^rior,  from  tho  standpoint  of 
exudation,  to  the  Ariatowax  160/&5  recommended  by  this 
laboratory  in  1942;  other  wax^s  exist  vfhich  are  superior 
in  this  respect  to  current  production  Aristovmx. 

The  follov/ing  Table  demons trrtv^s ,  by  some  typical  examples, 
tlie  ai'iect  upon  exudation  of  lowering  tho  content  of 
Alox  600. 


Wax 

Percent  Wax 

Lost;  2  weoks 
at  60®C. 

-  ■ .  1 

10?g  Alox 

I'/o  Alox 

Current  Production  Arlstowaxs 

Sample  1 

B.6 

5.5 

Sample  2 

5.2 

3.7 

Super  Gem  Ambor  ^  ^ 

2.4 

1.3 

Glyco-Wai*‘AV  5%''Stearamlde 

2*0 

'  « 

0.9 
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FlKuro  11  shows  tho  exudation  at  60^0  of  Composition  A 
poTToTs  made  with  l?o  Alox  and  various  waxes,  as  a  fvinction 
of  storage  time  In  days.  Tnoso  particular  tests  wore 
carried  up  to  35  days.  Tho  difforonco  between  values 
obtained  with  “Old  Aristov/ax, “  part  of  a  500  lb.  lot 
received  in  1942  from  tho  Union  Oil  Co.,  and  with  current 
Aristov;axos  (tho  average  results  obtained  with  four  different 
lots  received  during  1945)  is  very  largo  -  much  greater 
than  variations  among  cvirrent  lots.  Indeed  tho  old  sample 
is  to  bo  classed  among  tho  outtor,  and  tho  current  samplos 
oiaong  tho  poorer  v/axos  from  the  standpoint  of  exudation. 

Among  v/axvjs  procured  during  1645,  tho  one  outstanding  in 
oxcellurice  is  Stanolind  17D-75  (another  Stanollnd  Wax, 

Stanollnd  160-65  is,  however,  quite  poor;  the  two  should 
not  bo  confusod  ),  On  short-time  storago,  tho  Tank  Bottom 
Wax,  Super  Gem  Aribor,  also  shoves  very  low  exudation,  but 
beyond  about  two  r/eeks  it  ojcomos  poorer  than  Stanollnd 
170-75. 

A  few  tests  ot  65«C,  v/ith  waxes,  in  general,  which  wore 
very  good  at  60oC,  gavo  tho  following  results  {1%  Alox 
600  usod  in  all  cases): 

Porewntt  Y/ax  Lost; 

65  oC,  5  days 


Olyco-Wax  A  15.6 
Olyco-Wax  A  ♦  5$^  Stearamido  12.3 
Super  Gem  Amber  1.8 
Stanollnd  170-75  0.3 
Current  Arlstov/ax  11.5 


Thus,  evon  at  this  tempera buro,  Stanolind  170-75  gives 
remarkably  small  exudation. 

In  tho  course  of  this  repoi’t,  it  has  been  shown  that  tho  • 
properties  of  tho  wax  are  of  groat  importance  for  tho 
final  properties  of  Composition  a;  in  particular,  tho 
oiling  characteristics,  pressing  properties,  chemical 
stability,  and  exudation  depend  strikingly  upon  properties 
of  the  desensitizing  wax.  It  is  imperativo  that  waxes  can 
bo  specified  that  will  ensure  to  the  finished  products  tho 
properties  desired.  Moreover,  uaxos  are  usod  in  othor 
explosives,  where  othor  properties  aro,  perhaps,  required. 
Because  of  the  mugnitudo  of  this  problem  -  vmx  testing  and 
wax  specifications  -  it  is  being  treated  in  a  soparato 
report,  as  OSRD  No.  5633. 
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6 •  Varlcnts  of  Composition  A 
(1 )  Alumlnlzod  Compoaltlon  A 

An  RDX-Wax-  Aluminum  mixturo  ocllod  Alumlnlzod  Composition 
A  has  boon  doscribod  in  Division  8  Intorim  Roports  PT-21, 
p.  10,  ff,  and  PT-22,  p.  14.  This  matorial  has  tho 
composition  73/9/18  RDX-Y/ox-Al,  and  has  boon  satisfactorily 
raado  by  oiling  tho  73  parts  of  RDX  in  slurry  v/ith  7  parts 
of  wax,  adding  tho  aluminum  whon  tho  woxod  RDX  is  v;oll 
grainod,  and  finally,  v;hon  tho  grains  havo  boon  coatod 
with  aluminum,  adding  tho  romaining  2  .  arts  of  wax,  Tho 
ViTot  product  is  thon  drlod  llko  Composition  A-3, 

a,  Sunsltlvlty 

Tho  following  Tablos  summarizo  tho  avallablo  sunsltlvlty 
tosts: 

Drop-Wol^ht  Impact  Tosts 

Explosive  50^  point  (cm)  50^^  point  (cm) 

_  Typo  12  Typo  15 

Composition  A-3  80  218 

Alumlnlzod  Comp.  A  62  171 

Tritonal,  80/20  138  140 

Bullot-Impact  Tosts;  Cal.  0.50,  Ball,  m2;  1”  plpo  nipplos 

Bxplosivo 

Comp.  A-3  (d  s  1.6) 

Alumlnlzod  Comp.  A  (d  ~  1.6) 

Tritonal  65/l5  (d  =  1,6) 

Comp.  A-3  (d  s  1.0) 

Alumlnlzod  Comp.  A  (d  =  1.1) 

Tritonal  85/l5  (d  =  1.0) 

It  is  cl<^cr  that  each  tost  rovuals  sox  .itizatlon  of  Comp.  A 
by  tho  aluminum  addition,  but  how  tiau  alumlnlzod  product 
comparos,  say,  v/ith  Tritonal  is  not  mado  clear.  Tho 


No. 

NE 

EP 

E 

EC_ 

10 

10 

11 

10 

1 

- 

-- 

10 

10 

— 

- 

— 

59 

59 

10 

•• 

10 

• 

— 

3 

-- 

- 

3 
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bullet-test  and  the  Type  13  Orop-Test  suggest  the 
Aluminized  Con^.  A  to  be  less  sensitive,  while  the  Type  IS 
Drop-Test  suggests  that  Aluminized  Ooiqp,  A  Is  more 
sensitive  than  Tritonal. 

b.  Performance 

The  follovang  are  results  of  laboratory  measures  of 
performance i 


Ballistic  Relative  Relative 

Mortar  Brisanoe  Fragment  Vel, 

Explosive  (T.Y. )  dens,  (T.V. )  dens.  (T.V. ) 

Oomp.  A-3  135  1.611  126  1.606  106  1.60  6200 

Alz'd  Comp.  A  142  1.719  110  1.696  113  ■  1.70  7600 

0.  Pressing 

nils  material  is  very  easy  to  press,  giving  less  trouble 
with  sticking  and  as  good  or  better  percent  voids  than 
Cosiposition  A  under  similar  pressing  conditions. 

(2)  12%  Composition  A 

Because  of  the  failure  of  the  e**  A.P.  shell  to  pass  the 
Navy  Plate  Test  vhen  loaded  v/itb  Oompos'ition  A,  and  more 
particularly  because  of  the  failure  of  -he  5”  -  36  A. A. 
shell,  so  loaded,  to  pass  the  mass  detonation  tests,  we 
have  been  requested  to  make  a  brief  study  of  a  66/12 
MX-. /ax  mixture, 

a.  Preparation 

Such  a  mixture  can  ready  be  prepared  like  Composition  A-3, 
by  adding  v.ax  in  water  slurry.  Somewhat  larger  grains  are 
obtained  unless  conditions  are  altered  to  avoid  this. 
Ultraviolet  examination  reveals  good  coatings.  V/ith  this 
material  there  seems  to  be  a  tendency  to  lose  even  greater 
percentages  of  wax  in  hot  storage  then  from  regular 
Composition  A-3;  the  use  of  waxes  such  as  Stanolind  170-75 
Is  especially  desirable  in  making  this  product. 

b.  Pressing  Properties 

No  extensive  study  of  this  matter  has  been  made,  but  the 
follov/ing  results  were  obtained  using  Stanolind  170-75 
and  1%  Alox  600. 


Velocity  of 
Detonation 
dens.  V 
_ ■  (m/sec 
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Pres sure 

12^  Conqp.  A 

Comp 

Density 

Density 

3000 

1.45 

1.44 

6000 

1.50 

1.52 

10000 

1.54 

1.57 

15000 

1.56 

1.59 

Tho  dlfforoneoa  oro  about  accountod  for  by  tho  dlfforanoo 
in  density  of  tho  mlxturos. 


o.  Sensitivity 


Since  this  mlxturo  was  requostod  in  tho  hope  that  It  night 
pass  spoclflc  tostSf  thoso  tests  will  doeido  whether  its 
sensitivity  Is  low  enough.  Tho  Typo  12  machine  glvos  50^ 
Points  In  cm  of  80  and  108  for  9  end  12^  Comp*  A*  rospoctlve* 

ly. 


d*  Performance 


Performance  tests  results  avallablo  aro  summarlzod  bolow: 


Explosive 


Ballistic  Relative  Velocity  of 

Mortar  Progmont: Velocity  Detonation 
(T»V* )  dens.  (T.V» )  dens.  V(m/see) 


Composition  A*3 
12^  Composition  A 


135  1.608  108  1.60  8200 

132  1.566  109  1.585  3240 


In  no  case  is  tho  decline  In  performance  great;  indeed  In 
fragment  velocity  and  detonation  velocity  tho  reported 
values  happen  to  be  higher  for  tho  12^  Composition  A. 


(3)  Composition  A  -  KNO3  Mixtures 


Such  mixtures  have  boon  studied  as  shell-fillers  to  givo 
white  burst.  All  work  done  in  this  laboratory  has  boon 
eolloctod  In  Division  8  Interim  Report  FT-36,  p.  11^  and 
nood  not  bo  repeated  hero. 
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Preparation  and  properties  ctf  RDX-composition  A  are  discussed,  beginning  with  the  prepar3 
ation  of  composition  A,  followed  by  a  thorough  small-scale  study  of  the  pelleting  propertied 
of  composition  A.  It  is  noted  that  of  the  possible  methods  of  coating  RDX  with  wax,  the  slux 
method  is  deemed  best;  and  on  the  study  of  pelleting  properties  it  is  shown  that  the  pellet- 
density  may  be  represented  basically  as  a  function  of  the  wax  hardness  and  the  pressure. 

The  explosive  properties  of  composition  A  is  next  discussed  and,  because  of  its  constitution 
and  mechanical  properties,  it  is  not  easy  to  compare,  in  sensitivity,  with  pure  compound  ex¬ 
plosive  materials.  Finally  such  variants  of  composition  A  as  aluminized  composition  A,  12% 
composition  A,  etc.,  are  briefly  discussed. 
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